Introduction
In 1993, Maryanski et al introduced the idea of a "polymer gel dosimeter" [1] . In this system, the ionising radiation sets in motion a free-radical polymerisation of a solution of monomers, held in a gelatin matrix. The newly formed polymer has an altered density. Trapp et al found that the change in density associated with a dose to a polymer gel of 50 Gy was from 1.021 g/cm³ to 1.035 g/cm³ [2] .
Materials and methods
An X-ray micro-tomography system has been designed that is optimised for low dose imaging of radiation sensitive polymer gels. The scanner is based on a third-generation cone-beam X-ray CT scanner. A mini-focus X-ray source (Oxford XTF5011 or an Oxford series 1500) is used in conjunction with a 100mm diameter X-ray image intensifier (Hamamatsu C7336). The sample may be rotated and moved perpendicular to the beam axis. A schematic view of the system is shown in figure  1 .
The XTF5011 X-ray source has a focal spot diameter of 100µm, has a silver target, and is operated at 50 kVp, 0.5 mA and the series 1500 source has a focal spot diameter of 33 µm, has a tungsten target, and is operated at 80 kVp, 0.25 mA. The polychromatic source from the XTF5011 X-ray source is filtered using 2 mm of aluminium and 50 µm of palladium giving a "quasi-monochromatic" spectrum centred about the 22 keV silver K α characteristic peak. Figure 2 shows the X-ray spectrum before and after filtering. The narrow spectral width reduces any beam-hardening artefact associated with polychromatic sources. The series 1500 source is similarly monochromated using a tantalum filter. The 22 keV peak also coincides with the optimum mean free path (MFP) length in a gelatin sample with a diameter of 25 mm. Gilboy [3] showed that the optimum energy for the reconstruction of tomographic images is given by the "sensitivity factor", Sensitivity factor = ( ) ( ) where D is the object diameter and µ the linear attenuation coefficient of the object. The equation yields the most accurate images are obtained when the object diameter is between 1 and 6 mean free path lengths of the X-ray radiation in the sample, but is optimum at 3 MFP. For 25 mm of gelatin (linear attenuation coefficient 0.656 cm -1 at 22 keV) the ideal source energy would be 22 keV, but for larger diameters such as 100 mm of gelatin using the characteristic K α peak from tungsten would be more appropriate, see figure 3 . The dose to the centre of a sample which is necessary to form a tomographic image is where E x is energy of the incident beam, SNR is the signal-to-noise ratio in the reconstructed image, f c is a Compton normalisation factor (f c is usually between 0.2 and 1), ρ the density of the sample, µ is the linear attenuation of the sample, η the detector efficiency, ε is the plane pixel size, h the slice thickness, and d the diameter of the reconstruction [4] . Figure 4 shows a plot of this for a 0.1% contrast resolution for sample sizes of 25mm, 50mm and 100mm diameter samples of gelatin. For a 25 mm diameter polymer gel it can be seen that a 0.1% contrast tomographic acquisition can be made for a dose to the centre of a sample of 0.054 Gy. This gives the ability to see a change in density from an unirradiated polymer gel (density = 1.021 g/cm³) of 0.001 g/cm³, which corresponds to an irradiation dose contrast of 3.5 Gy.
Results

Conclusion
X-ray tomography will not be able to measure diagnostic doses, but it is hoped that it will make a contribution to quality assurance where very high doses are used. X-ray tomography apparatus is already an integral part of radiation-treatment planning, as it is used to determine where the dose should be deposited in the patient. The tomography apparatus could also be used for quality assurance of treatment irradiations by using polymer gel phantoms.
